Altitude affects blood pressure (BP) depending on durmm Hg) and decreased in all blacks (؊7.3 ؎ 4.6 mm Hg; P ‫؍‬ 0.02, blacks vs whites). During descent SBP ation and absolute altitude of exposure. Until now changes in BP during exposure to altitude were studied returned to initial values in whites, whereas it decreased further in blacks. Diastolic BP (DBP) and heart rate only in Caucasians. It is not known whether BP is affected differently in black and white people in response remained constant in all participants. During ascent body weight increased in all whites (1.0 ؎ 0.8 kg) and to altitude.
Introduction
Because of missing values, the data of two black Epidemiological studies in South America and the participants were not taken for statistical analyses. Himalayas showed a lower mean systemic blood
The anthropometric characteristics, arterial BP and pressure (BP) and prevalence of hypertension in resting heart rate of the participants at the beginning native highlanders living between 3000 m and of the expedition are summarised in Table 1 . Waist, 4500 m compared to populations living at sea hip and arm circumferences were measured using a level.
1,2 An inverse situation was observed in Saudi non-stretchable measurement tape. Skinfold Arabia. 3 However, in lowlanders exposed to altitude measurements were carried out by means of a Holtheir BP increases.
4-9 These studies were carried out tain caliper (Holtain Ltd, Crymych, UK). Per cent with Caucasians. Since the prevalence and certain body fat was calculated according to Durnin and pathophysiological features of hypertension are difWomersley. 11 Systemic BP was measured with an ferent between black and white people, 10 we wanted aneroid sphygmomanometer (Primus Stabil 3, Speito study whether BP is affected differently in black del & Keller GmbH, Jungingen, Germany). All and white lowlanders in response to exposure to measurements were taken daily on the dominant high altitude. ) 76 ± 5 8 6 ± 11 NS Heart rate 79 ± 9 7 8 ± 7 N S (bpm) Correspondence: Professor W Vetter, Medizinische Poliklinik, Rämistrasse 100, CH-8091 Zü rich, Switzerland Received 2 January 1997; revised 25 April 1997; accepted 29 BMI = body mass index; W/H = waist/hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure. April 1997 arm in the morning and evening in resting conditions (at least 10 min sitting). BP was measured twice and the mean value used for calculations. All measurements were carried out by the same investigator. Since BP, heart rate and body weight were similar after arrival at camp in the evening compared to the following morning in each individual, the mean of the evening and the morning values were taken for statistical analysis. None of the participants suffered from a chronic illness or were treated with drugs. Nobody took any drug to prevent the occurrence of mountain sickness. The MannWhitney rank-sum test was used to compare the groups at four altitudes: at baseline (day 1, 3040 m), during ascent (difference between day 4 at 4600 m and day 1), during descent (difference between day 5, at 3820 m and day 4) and over the 5 days of the trek (difference between day 5 and day 1). In the white subjects BP and heart rate were also measured in the morning before the beginning (day 0) and in the evening after the end (day 6) of the trek. These data were compared using the Wilcoxon signed-rank test. The statistical analyses were performed by means of the JMP™ software package (SAS Institute Inc, Cary, USA). The data are expressed as mean ± s.d., unless otherwise specified.
Results
The two groups studied differed in age, waist/hip ratio and per cent body fat only as shown in Table when excluding the female subject. At the base camp (3040 m) systolic and diastolic BP (DBP) as well as heart rate and body weight were similar in all white participants, whereas it decreased in all whites and blacks (Table 1) . During ascent (day 1 to black participants. During descent SBP decreased in day 4), systolic BP (SBP) increased in all whites by both groups (Figure 1 ). In white subjects the change 6.5 ± 2.2 mm Hg and decreased in all blacks by −7.3 in SBP was paralleled by variations in body weight. ± 4.6 mm Hg (P = 0.02, blacks vs whites). During However, in black subjects the body weight varied descent (day 4 to day 5) SBP returned to initial inversely when compared to whites: a decrease durvalues (129 ± 9 mm Hg: −2.3 ± 8.0 mm Hg compared ing ascent was followed by an increase during to baseline) in whites. In black subjects, SBP descent. In both groups body weight returned to the decreased further to 106 ± 6 mm Hg (−12.6 ± 3.4 initial level. mm Hg compared to baseline) (Figure 1) . No changes Our data from the white subjects are in agreement were observed in DBP (Figure 1 ). From day 2 to day with a recent study from Morganti et al 8 who 5 a slight but not significant higher heart rate was reported a continuous increase in mean arterial observed in whites. During ascent body weight pressure from 92 ± 3 mm Hg at sea level to 109 ± 5 increased in all whites by 1.0 ± 0.8 kg and decreased mm Hg at 5050 m without a significant change in in all blacks by −1.9 ± 1.4 kg (P = 0.02, blacks vs heart rate in eight healthy participants on an 8-day whites). During descent body weight increased in climb up Mount Everest. Other studies where altiblacks by 0.8 ± 0.4 kg and decreased in whites by tude exposure ranges from several hours to several −1.0 ± 1.3 kg (P = 0.03, blacks vs whites). Upon weeks reported an increase in SBP in normal or descent body weight returned approximately to hypertensive subjects with increased 6 or initial levels in both groups. Systolic and diastolic unchanged 4,5 DBP. Some studies reported a transient BP as well as heart rate measured in whites at an increase of SBP followed by a partial 7 or complete 9 altitude of 810 m were not different before (day 0) return to basal values after several weeks. Exposure and after (day 6) the trek.
to simulated altitude showed no change in mean No symptom or sign of acute mountain sickness arterial pressure 12 or an increase in both systolic and was reported, except one case of acetaminophendiastolic arterial pressures. 13 Based on these studies responsive headache and one case of nausea above it seems that BP rises transiently on exposure to high 5500 m (both Caucasians).
altitude: a continuous rise during the first 2-3 weeks is followed by a slow decline.
Discussion
The progressive decline in SBP shown in the black climbers could be attributed to several factors. This study showed a race specific BP response upon altitude exposure: during ascent SBP increased in
The black participants in our study lived in villages on the hillside of Kilimanjaro at altitudes between are probably the main factors responsible for this difference. These factors are also of importance in 1400 m and 1600 m. Such an altitude is generally considered to be too low to permit acclimatisation.
the haemodynamic response to altitude exposure found in our study. However, a slight but not significant increase in plasma noradrenaline was observed during acute
In conclusion, the present study showed an increase in SBP and body weight in whites during exposure to a moderate altitude (1200 m).
5 It may be hypothesised that living at this altitude could ascent of Kilimanjaro, whereas a decrease in both parameters was observed in blacks. The present induce an altered sensitivity of the cardiovascular system to sympathetic stimulation. In addition, findings suggest differences in the physiology of BP regulation in blacks compared to whites in response there is evidence that ␤-adrenoceptor sensitivity is greater in whites than in African-Americans. 14 to high altitude exposure. This could be due to racial, environmental or social and cultural factors. Despite the absence of significant variations in resting heart rate a reduced sensitivity to catFurther investigation of high altitude physiology of non-Caucasians with low BP and a low prevalence echolamines in blacks could contribute to the differences in BP observed in this study. On the other of cardiovascular risk factors could be useful in understanding the pathophysiology of primary hand it cannot be ruled out that a 'white coat' effect caused the first SBP values to be overestimated in hypertension. the blacks. However, according to present evidence a continuous decline of the 'white coat' effect over
